We construct a (0, 2), D = 2 gauged linear sigma model on a supermanifold in both the Abelian gauge group and the non-Abelian gauge group. For the purpose of checking the exact supersymmetric (SUSY) invariance of the Lagrangian density, it is convenient to introduce a new operatorÛ for the Abelian gauge group. TheÛ operator provides consistency conditions for satisfying the SUSY invariance. Contrary to the Abelian gauge group, it is not essential to introduce the new operator in order to check the exact SUSY invariance of the Lagrangian density. However, in order to introduce the (0,2) chiral superfields, we need theÛ operator, because we can not define the (0,2) chirality conditions of the (0,2) chiral superfields without introducing the new operator by usingÛ and the enlarged operatorÛ a was obtained from the conditions that yield the (0,2) supersymmetric invariance of the Lagrangian density of the (0,2) U(N) gauged linear sigma model in superfield formalism. We found that the consistency conditions for the Abelian gauge group which assure the (0,2) supersymmetric invariance of Lagrangian density agree with (0,2) chirality conditions for superpotential. The supermanifold M m|n becomes the super weighted complex projective space W CP m−1|n in U(1) case, which is considered as an example of Calabi-Yau supermanifold. The superpotential W (φ, ξ) for the non-Abelian gauge group does not satisfy quasi-homogeneous condition for the SU(N) except the U(1) part of the U(N). In the SU(N) part, we must take care of constructing the Calabi-Yau supermanifold, because the form of the superpotential is imposed more stringent restrictions than that of U(1) case.
Introduction
Recently, it was reported that the perturbative expansion of the D = 4, N = 4 super Yang-Mills theory with the U(N) gauge group is equivalent to the instanton expansion of the topological B model for which the target space is the Calabi-Yau supermanifold CP 3|4 . The connection between the topological string theory on supermanifold CP 3|4 and the D = 4, N = 4 super Yang-Mills theory is established through the explicit calculations of the Maximally-Helicityviolating (MHV) amplitude that lead the twistor equations [1] . Furthermore the methods for calcuating the many types of MHV amplitudes which include loop amplitudes were led [2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18] . From these aspects, the Calabi-Yau supermanifold played an important role in the relation between the super Yang-Mills theory and topological B model. Recent observations of these relationships have led to the investigation of the nature of the Calabi-Yau supermanifold. The geometry of the Calabi-Yau supermanifold was shown to be related to the curvature of the Grassmann even submanifold [19, 20] .
The super Landau-Ginzburg mirror symmetry could construct the correspondence between the topological B model on CP 3|4 as D instanton [1] and topological A model on CP 3|3 × CP 3|3 [21, 22] . (These supermanifold are both Calabi-Yau supermanifolds). These mirror correspondences were proved by defining the superpotential on each case [23] . In fact, the restricted superpotential on A (B) model corresponds with the restricted superpotential on B (A) model through the mirror symmetry. These restrictions are given by physical symmetries like supersymmetry. As a simple example, these superpotentials have been shown in the (2,2) U(1) gauged linear sigma model, because the non linear sigma model description with Calabi-Yau supermanifold is given by the gauged linear sigma model in its infrared limit [23] . Then the restriction of superpotential became equivalent to the (2,2) supersymmetric invariance of total (2,2) Lagrangian density.
In [24] , the Lagrangian density of (2,2) U(1) gauged linear sigma model on supermanifold has been constructed. The supermanifold then became the Calabi-Yau supermanifold which was defined by the Calabi-Yau condition [1, 25] ,
(1.1) However, the (2,2) supersymmetric transformation properties of their total (2,2) Lagrangian density seems incomplete, because their superpotential term has not been exactly closed under the (2,2) supersymmetric tansformation when the vector multiplets are included. If we considered the (2,2) U(1) gauged linear sigma model, the (2,2) supersymmetric transformation must include the U(1) vector multiplets in its transformation. Additionally, in Ref. [24] the Lagrangian density of (0,2) U(1) gauged linear sigma model was proposed whose transformation properties under the (0,2) supersymmetric transformation was seen by the (0,2) part of the (2,2) transformation on supermanifold, however, the U(1) charges of each local coordinates must bethe same values. This result means that the number of Grassmann even coordinates are equal to the number of Grassmann odd coordinates, if we focus on the Calabi-Yau supermanifold from Eq.(1.1) which are defined by the mirror symmetric correspondence with super Landau-Ginzburg model. In this case, the Calabi-Yau supermanifolds will be ristricted to CP m−1|m . In the present paper, as the first step in order to find out the correspondence between the Calabi-Yau supermanifold and the super Landau-Ginzburg model, we will concentrate on the construction of a consistent theory of the two-dimensional (0, 2) U(1) gauged linear sigma model on a supermanifold. The Lagrangian density of this model become (0,2) supersymmetric invariant under the corrected (0,2) supersymmetry which include the vector multiplets. Then we obtain the restrictions of superpotential which assures the (0,2) supersymmetric invarinace of Lagrangian density. Furthermore, the conditions defines the more general form of the CalabiYau supermanifold, such as W CP m−1|n by using the newly introduced operatorÛ . Next, we will construct a consistent (0,2) U(N) gauged linear sigma model on supermanifold. We will obtain that the restrictions for the superpotential are similar as those of U(1) gauged linear sigma model in U(1) part of U(N) and in the SU(N) part, the restrictions seem to be more stronger conditions than those of U(1) gauged liear sigma model on the supermanifolds.
In Section 2, we define supermultiplets of the D = 2, (0, 2) U(1) gauged linear sigma model and construct the Lagrangian densities on a supermanifold, where we introduced a new operator in order to distinguish the U(1) charges of local coordinates on the supermanifold. In Section 3, we derive the (0, 2) supersymmetric invariance of the Lagrangian densities defined in Section 2 and obtain the restriction of superpotential. In Section 4, we explicitly define the new operator assumed in Section 2 and describe the implication of this new operator on the (0, 2) supersymmetric invariance of the theory. In Section 5, we expand the gauge group to the non-Abelian case and construct the D = 2, (0, 2) U(N) gauged linear sigma model Lagrangian densities on a supermanifold. In Section 6, the (0, 2) supersymmetric invariance is verified on the model constructed in Section 5. Then we obtain the restriction of superpotential in the U(N) gauge group. In Section 7, the operator introduced in Section 4 is expanded to the non-Abelian U(N) gauge transformation and is shown in relation to the (0, 2) supersymmetry invariance.
In Section 8, we summarize our constructions of the D = 2, (0, 2) gauged linear sigma models and discuss these constructions. The notations used herein are the same as those of [26] .
2 (2, 2) and (0, 2) Supermultiplets By introducing several (0,2) superfeilds, we construct the total (0,2) Lagrangian density in a similar method as that of Ref. [24] . However, since it is impossible to distribute the different value of the U(1) charges into each local coordinate, in this section, we solve this problem by introducing a new operatorÛ in order to distribute different value of U(1) charges into each local coordinate and construct more general form of (0,2) Lagrangian density. Furthermore, by using the new operatorÛ, we will obtain the more general Calabi-Yau supermanifold which has a different number of local coordinates between the Grassmann even coordinates and the Grassmann odd coordinates. It is undifferentiated in the method of Ref. [24] .
The D = 2, N = 2 superfields are defined on the (2,2) superspace. We herein redefine these superfields on the (0,2) superspace and construct the (0,2) Lagrangian density by using a new operatorÛ .
In the D = 2, (2, 2) Grassmann even chiral superfield Φ (2, 2) , Φ (2, 2) and the (2, 2) Grassmann odd chiral superfield Ξ (2, 2) , Ξ (2, 2) are defined as:
where µ = 0, 3, g µν = diag(−1, +1), and ∂ ± = ∂ 0 ± ∂ 3 [24] . The supermanifold is defined on M m|n , (I = 1, · · · , m, A = 1, · · · , n). For the (2, 2) chiral superfield, we introduce the operator U , which satisfies the following:
where Q I and q A are the U(1) charges of Φ I (2,2) and Ξ A (2,2) , respectively, and theÛ operator is considered to define the U(1) charges to the superfields. We assume thatÛ is a Grassmann even operator that satisfies the following: 6) where α = ±. We define the covariant derivative of the (0, 2) supersymmetric transformation by incorporating theÛ and gauge fields v µ ,
where v ± = v 0 ± v 3 and Ψ = θ + θ + v + . The (0, 2) super charges are defined by incorporating thê U operator and the gauge fields v µ as:
Then, from Eq. (2.6), the anti-commutation relations of Eqs. (2.7)-(2.10) become as follows:
We now consider the (0, 2) case. The (0,2) chirality conditions are defined using Eqs. (2.7) and (2.8) for arbitrary functions F (x µ , θ + , θ + ) and F (x µ , θ + , θ + ) on the (0,2) superspace:
We can define the (0, 2) chiral superfields that satisfy Eq. (2.12) from the (2, 2) chiral multiplets by imposing restrictions θ − = θ − = 0 [24] .
14) 16) where the covariant derivatives for the U(1) gauge transformation are given by
Since Eqs. (2.13)-(2.16) satisfy the (0, 2) chirality conditions, they are the (0, 2) chiral superfields:
Next, we define the Lagrangian density L kin. for the (0, 2) chiral superfields. We set the θ − θ − term of the (2, 2) vector superfields as V. Then, we have
The U(1) charge for V is assumed to be zero, i.e.,
From the assumptions on U(1) charges for (0, 2) chiral superfields in Eqs. (2.5) and (2.21), we obtainÛ
Using V, we define the covariant derivative for gauge transformation:
From the (0,2) chiral superfields and Eq. (2.23), L kin. is given by
Next, we will define the Lagrangian density L gauge and the Fayet-Iliopoulos (FI) term L D,θ for the vector superfield V. The gauge invariant field strength Υ is defined as 26) where
From Eqs. (2.25) and (2.26), the kinetic Lagrangian density L gauge of this gauge multiplet is given as 27) and the FI term is 28) with the FI parameter t = ir + θ/(2π). In Eqs. (2.25) and (2.26), since the component fields contain part of the (2,2) vector supermultiplet, the residual component fields should be introduced into the theory by
) 
In order to construct the (0, 2) superpotential consitently, we introduce some (0, 2) chiral superfield valued functions E a (Φ (0,2) , Ω), E a (Φ (0,2) , Ω),Ẽã(Ξ (0,2) , Ω)Ẽã(Ξ (0,2) , Ω), where the indices a andã denote Grassmann even and Grassmann odd, respectively. These functions satisfy the following relations:
In addition, the other (0, 2) superfields are introduced as
The U(1) charges for the fields in Eqs. (2.38)-(2.41) are assumed aŝ 
We can then define the (0, 2) superfields as: 
We need more (0, 2) chiral superfield valued functions
). The U(1) charges for these fields are assumed aŝ
By these assumptions of Eqs. (2.55)-(2.58), these fields
) become (0, 2) chiral superfields as follows:
Here we impose restrictions on the fields
From these restrictions, we can obtain the (0,2) chirality conditions
for which the equations can define (0, 2) chiral superfields and provide the Lagrangian density L J as follows:
(2.64)
We now describe the correspondences between the (2, 2) component fields and the (0, 2) component fields. First, the following differential operators are defined:
where Π = θ − θ − v − . Then, using these operators on the fields Φ
and e qAΨ Ξ A (2,2) defined from the (2, 2) chiral superfields, we have:
On the other hand, using Eqs. (2.38)-(2.41) and (2.42)-(2.45), we can define: 
From these relations, it is shown that I = a, A =ã for indices and Q I = α a , q A = βã for U(1) charges. The exact correspondences between the component fields of the (2, 2) chiral superfield and those of the (0, 2) superfields are given as follows:
(2.79)
In order to find the corresponding relations between the (2, 2) superfields and the (0, 2) superfields, the products of the (2, 2) chiral superfields and the (2, 2) twist chiral superfields are shown. The (2, 2) twist chiral superfield is defined as:
Therefore, the above mentioned products are calculated as follows:
On the other hand, we obtain the following equations by operating Eqs. (2.7) and (2.8), respectively, on Eqs. (2.50)-(2.53):
where we assumed the following relations: 
94)
The correspondences between the component fields of the (2, 2) chiral superfields and the component fields of the (0, 2) superfields are derived as 
Finally, we present the following relations between the component fields of the (0, 2) super- 2) ) and those of the (2, 2) superfields by using the superpotential W as
We have shown that the total (0, 2) Lagrangian density L (0,2) is obtained from Eqs. (2.24), (2.27), (2.28), (2.33), (2.54), and (2.64) is as follows:
As a result, by the method of using operatorÛ, the (0, 2) action of the total Lagrangin density of Eq. (2.104) agrees exactly with the (2, 2) action S (2, 2) in [24] , because of the correspondences in Eqs. (2.79), (2.98), and (2.103). By using the new operatorÛ, unlike in the method of Ref. [24] which is impossible to distribute different value of U(1) charges, we could distribute different value of U(1) charges into each local coordinate and provide more general (0,2) Lagrangian density. These result will lead to more general Calabi-Yau supermanifold which has a different number of local coordinates between the even coordinates and the odd coordinates as shown in later sections.
(0, 2) Supersymmetric Transformations and their Invariance of Lagrangian Densities
In this section we will show the (0, 2) supersymmetric transformation properties of the component fields and will prove the (0, 2) supersymmetric invariances of the Lagrangian densities introduced in the above section up to the total derivatives. The (2,2) supersymmetric transformation property of the total (2,2) Lagrangian density has been indicated in Ref. [24] . However the (0,2) supersymmetric transformation property of the total (0,2) Lagrangian density in which each local coordinate has the same U(1) charge, has not yet been explicitly indicated. We are able to find the (0,2) supersymmetric transformation property of the (0,2) Lagrangian density by looking at the (2,2) supersymmetric transformation property of the (2,2) Lagrangian density indirectly. However, in Ref. [24] 's method, the (0,2) supersymmetric transformation property of superpotential term of Lagrangian density which is indirect calculated, does not include the supersymmetric transformation of U(1) vector multiplets and U(1) gauge transformation. Therefore, for distributing different value of U(1) charges into each local coordinates and giving the correct (0,2) supersymmetric transformation property of superpotential term, we define the (0,2) supersymmetric transformation operator by using a new operatorÛ and we will verify the (0,2) supersymmetric transformation property of the total (0,2) Lagrangian density.
First, we define an operation of the (0, 2) supersymmetric transformations from Eqs. (2.9) and (2.10):
We can then derive the (0, 2) supersymmetric transformation properties of the component fields and can show that they match the (2, 2) supersymmetric transformation properties of their component fields by using the correspondence relations of Eqs. (2.79), (2.98), and (2.103). The (0, 2) supersymmetric transformation properties for the component fields of the (2, 2) Grassmann even chiral superfield are given by
In addition, the (0, 2) supersymmetric transformation properties for the component fields of the (2, 2) Grassmann odd chiral superfield are:
3)
The (0, 2) supersymmetric transformation properties for component fields of the (2, 2) vector superfield are given as follows:
Next, the (0, 2) supersymmetric transformation properties of the Lagrangian densities L (0,2) are derived and expressed using the (2, 2) component fields from Eqs. (2.79), (2.98), and (2.103). For L kin. in Eq. (2.24), the (0, 2) supersymmetric transformation property is as follows:
For L gauge in Eq. (2.27), we obtain
For the FI term in Eq. (2.28), we have:
For L Ω in Eq. (2.33), we have:
For L Λ in Eq. (2.54), we have:
The results of Eqs. (3.5)-(3.9), indicate that their actions are supersymmetric invariants up to the total derivatives. However, for L J in Eq. (2.64), we obtain:
The results of Eq. (3.10) imply that the action for L J is not a supersymmetric invariant, because the variations consist of non-total derivative terms under the (0, 2) supersymmetric transformation.
Therefore, we must impose consistency conditions that will assure that L J is (0, 2) supersymmetric invariant up to total derivatives:
Equations (3.13) and (3.14) can be derived from Eqs. (3.11) and (3.12) as follows: These restrictions on the superpotential are confirmed by using the corrected (0,2) supersymmetric transformation which include the U(1) vector multiplets. One has not been able to confirm the necessity of the restrictions clearly by the method of Ref. [24] . However, we could indicate explicitly the necessity of the restrictions. It has been reported (Ref. [24] ) that Eqs. (3.11) and (3.12) are equivalent to the quasi-homogeneous condition W (φ I , ξ A ) = W (λ QI φ I , λ qA ξ A ) for the superpotential. Thus, we can use the identification:
where λ ∈ C × . Namely, the supermanifold M m|n becomes the super weighted complex projective space W CP m−1|n , which can be reproduced usingÛ. If we focus on the Calabi-Yau supermanifold corresponding to the super Landau-Ginzburg model, we can construct the more general Calabi-Yau supermanifold than those in Ref. [24] , which has a different number of coordinates between the even coordinates and the odd coordinates satisfying Eq. (1.1).
U(1) Charge Operator
In this section, the explicit formula of theÛ charge operator and its functions are introduced and discussed. This formula satisfies the assumptions of Eqs. (2.5), (2.6), (2.21), (2.31), (2.42)-(2.45), (2.55)-(2.58), and (2.90)-(2.93). The operatorÛ is written as follows:
This equation (4.1) satisfies the anti-commutation relation in Eq. (2.11). We also assume that we operate theÛ operator on the superpotential W (φ, ξ) and W (φ, ξ) , and set them as zero:
Thus, Eqs. (4.2) and (4.3) are equal to Eqs. (3.11) and (3.12), respectively. Therefore, Eqs. (4.2) and (4.3) are considered to give conditions that assure that the (0, 2) supersymmetric invariance of the action of
Having used the operatorÛ , we could distribute different values of U(1) charges into the each local coordinate. Furthermore, different from method of Ref. [24] , we could indicate the necessity of the restrictions on superpotential explicitly and succeed in constructing more general (0,2) Lagrangian density which has the different U(1) charge to each local coordinate.
(0, 2) Supermultiplets in the Non-Abelian Gauge Theory
Now we will construct (0,2) Lagrangian density with U(N) gauge group. In U(N) case, we do not need to distribute the values of the charges, different from U(1) case, into each local coordinates. By introducing the (0,2) supermultiplets with U(N) gauge group, we can construct (0,2) U(N) Lagrangian density without using theÛ operator at first. 
where f abc are structure constants of the U(N) group that satisfy the Jacobi identity:
In the D = 2, (2, 2) Grassmann even chiral superfields Φ (2,2)i , Φ (2,2)i and (2, 2) Grassmann odd chiral superfields Ξ (2,2)i , Ξ (2,2)i are given in a manner similar to the U(1) case:
where i = 1, · · · , N [24] . For these (2, 2) chiral superfields, we will define superfields with restrictions θ − = θ − = 0 as follows:
where the covariant derivatives of the gauge transformation for the component fields of the (2, 2) chiral superfields are defined as: 
we can define the following equation:
Then, L non.kin. is given by Eqs. (5.8)-(5.11) and (5.14)
− 2iφ
The Lagrangian density L non.gauge for the vector superfield V and Fayet-Iliopoulos(FI) term L non.D,θ , which arises from the U(1) sector of the U(N) group, is given as follows. We define an operator acting on a function f i (x µ , θ + , θ + ) as
From Eqs. (5.14), (5.16), and (5.17), we obtain
where
and the covariant derivatives of the gauge transformations for the component fields of the (2, 2) vector superfield are given by
20)
From Eqs. (5.18) and (5.19), L non.gauge can be given as
Since Eqs. (5.18) and (5.19) include only part of the component fields of the (2, 2) vector superfield, the residual compensating components will be given by the superfields Ω and Ω:
From Eqs. (5.24) and (5.25), we redefine the following superfields: 27) and from these definitions, we obtain the following: 
Next, we will introduce the other (0, 2) superfields, as follows:
We will give functions ,2) , Ω) defined on the variables given by Eqs. (5.8)-(5.11), (5.24), and (5.25). We assume these functions are to be separable in variables: 
We can then obtain the following identities from Eqs. 
and
We can now obtain the Lagrangian density L non.Λ from Eqs. 
If we choose the functions given in Eqs. (5.41)-(5.44) as 2) ) by Eqs. (5.8)-(5.11), and assume the following relations: 
From Eq. (5.62), the (0,2) U(N) Lagrangian density was constructed without using,Û at this moment, because we do not need to distribute differenent values of charges into each local coordinates.
(0, 2) Supersymmetric Transformation and Invariance of Lagrangian Densities in Non-Abelian Gauge Theory
In this section, we will verify the (0, 2) supersymmetric transformation properties of Eqs. In constructing the (0,2) U(N) Lagrangian density, it appears the restrictions on the superpotential are required as similar as the U(1) case. So we here concentrate on the restrictions of the superpotential and compare the restrictions in the U(N) case to the restrictions in the U(1) case. Then, from the U(1) part, we will obtain the Calabi-Yau supermanifold which has a same number of coordinates between the even coordinates and the odd coordinates. Furthermore, from the SU(N) part, we will expect that the different kind of supermanifolds may be defined, which are different from those of the U(1) case.
The (0, 2) supersymmetric transformation properties of the component fields of the (2, 2) Grassmann even and odd superfields are given, respectively, as follows:
The (0, 2) supersymmetric transformation properties of the component fields of the (2, 2) vector superfield are given as: 
Using Eq. (6.3), the gauge superfield Lagrangian densities given in Eqs. (5.22) and (5.36) are transformed as follows:
The FI term Lagrangian density in Eq. (5.23) is also transformed using Eq. (6.3) as:
The Lagrangian density of the superpotential term in Eq. (5.61) is transformed using Eqs. (6.1) and (6.2) as:
Next, we derive the consistency conditions for the (0, 2) supersymmetric invariances of action under the (0, 2) supersymmetric transformation by the following relations using Eqs. (6.4)-(6.7):
We define Eq.(6.8) as a function G(φ, ξ): 10) and transform the function G(φ, ξ) under the transformation laws:
Because G(φ, ξ) is equal to zero, the function transformed by using Eq.(6.11) also vanishes:
Eq.(6.12) gives the equivalence relation for local coordinates in a supermanifold M m|n :
Eq.(6.13) shows that M m|n is equivalent to the super weighted projective space W CP m−1|n . Moreover, we calculate for the superpotential W (λ T φ, λ T ξ) as follows:
. (6.14)
Eq.(6.14) can be divided into the U(1) part and the SU(N) part of the U(N) gauge group. Then, the generators of the U(1) part and the SU(N) part are defined as
respectively, where M is a normalization factor. The U(1) part of Eq.(6.14) is calculated as follows: 15) which coincides with the U(1) part of G(λ T φ, λ T ξ). Furthermore, by using Eq.(6.12), we found that these equations also coincides with that of G(φ, ξ):
On the other hand, the SU(N) part of Eq.(6.14) is: 17) which, however, does not coincide with the SU(N) part of G(φ, ξ) and of G(λ T φ, λ T ξ). Thus the superpotential W (φ, ξ) does not satisfy quasi-homogeneous condition for the SU(N).
From these results, the supermanifold M m|n becomes the super weighted complex projective space W CP m−1|n , although the superpotential W (φ, ξ) for the non-Abelian gauge group does not satisfy quasi-homogeneous condition for the SU(N), except the U(1) part of the U(N). Therefore, because of extention to U(N) gauge group, the form of the superpotential is imposed more stringent restrictions than those of U(1) case.
From the U(1) part, the Calabi-Yau supermanifold must have the same number of coordinates between the even coordinates and the odd coordinates from Eq. (1.1). In the SU(N) part, we must take care of constructing the Calabi-Yau supermanifold, because the form of the superpotential is imposed more stringent restrictions than that of U(1) case.
U(N) Charge Operator
In constructing the (0,2) U(N) Lagrangian density, we could not confirm the reason of necessity introducing theÛ operator. However, in order to introduce the (0,2) chiral superfields, we need theÛ operator, because we can not define the (0,2) chirality conditions of the (0,2) chiral superfields without introducing the new operator by usingÛ as shown later. Therefore, in this section, we will introduce theÛ operator in U(N) version and will define the operator which give the (0,2) chirality conditions of the (0,2) chiral superfields.
We can define the U(N) charge operator in a manner similar to that for the U(1) Abelian case:
From the above operator in Eq. (7.1), the consistency conditions in Eqs. (6.8) and (6.9) are rewritten as: From these results, we could confirm the necessity of theÛ operator for defining the (0,2) chirality conditions of (0,2) chiral superfields, though this operator was required not to construct the (0,2) U(N) Lagrangian density.
Summary and Discussion
We have constructed D = 2, (0, 2) U(1) gauged linear sigma modelon a supermanifold M m|n by different method from that of Ref. [24] (which seems incomplete method in our opinion). Furthermore, we have constructed U(N) gauged linear sigma model explicitly.
In the first part of the present paper, we consistently constructed the D = 2, (0, 2) U(1) gauged linear sigma model on the supermanifold M m|n , by introducing a new operator,Û . By the method of Ref. [24] , it was impossible to distribute different value of U(1) charges into the each local coordinate. The explicit form of theÛ operator was determined by assuming that it is the operator that gives different value of U(1) charges into each local coordinates of M m|n . The covariant derivatives and super charges of the (0,2) supersymmetric transformation are also defined using theÛ operator. The (0,2) chirality conditions of the Lagrangian density of the superpotential term appears to be most appropriately implied by these covariant derivatives.
The (0,2) supersymmetric invariance of the Lagrangian density of the (0,2) U(1) gauged linear sigma model was also proved from consistent conditions derived by using theÛ operator. We found that the conditions that assure the (0,2) supersymmetric invariance of the Lagrangian density agree with the (0,2) chirality conditions for the superpotential. Though the method of Ref. [24] could not confirm the necessity of ristriction conditions clearly, we could indicate the necessity of conditions explicitly. The supermanifold M m|n then becomes the super weighted complex projective space W CP m−1|n from these conditions. If we focus on the Calabi-Yau supermanifold corresponding to the super Landau-Ginzburg model, we can construct the more general Calabi-Yau supermanifold than those in Ref. [24] , which has a different number of coordinates between the even coordinates and the odd coordinates by usingÛ .
In the second part of the present paper, we constructed a D = 2, (0,2) U(N) gauged linear sigma model on supermanifold M m|n as a new construction. The construction is approximately parallel to the U(1) case, but theÛ a operator expanded from theÛ operator in the U(1) gauge group to the U(N) gauge group coincides with a set of generators of U(N). AlthoughÛ a is unnecessary in constructing the Lagrangian density of the (0,2) U(N) gauged linear sigma model, we can confirm the necessity ofÛ a for giving the (0,2) chirality conditions of the (0,2) chiral superfields. We obtained the conditions that give (0,2) supersymmetric invariance of the Lagrangian density of the (0,2) U(N) gauged linear sigma model.
As in the case of U(1), these conditions decide the form of the superpotential. However, the decision of the form of the superpotential in the U(N) case is imposed more stringent restrictions than that of U(1) case. From these results, the superpotential W (φ, ξ) does not satisfy quasihomogeneous condition for the SU(N). However, it may be shown that a supermanifold M m|n is the super weighted projective space W CP m−1|n both for the U(1) gauged linear sigma model and the U(N) gauged one.
In the U(1) part, the Calabi-Yau supermanifold must have the same number of coordinates between the even coordinates and the odd coordinates from Eq. (1.1). In the SU(N) part, we must take care of constructing the Calabi-Yau supermanifold, because the form of the superpotential is imposed more stringent restrictions than that of U(1) case.
In our forthcoming paper, we are intending to investigate the relationships between the nonlinear sigma model and (0,2) linear sigma model in order to investigate the correspondence with the super Landau-Ginzburg theory. Then, the authors expect to establish the correspondence between the D = 2, (0, 2) gauged linear sigma models with the U(1) and U(N) gauge groups on the supermanifold and the super Landau-Ginzburg model at r ≪ 0, the correspondence of which has been reported in the D = 2, (2, 2) U(1) gauged linear sigma model [21, 27] . As the second step, we hope to investigate the Calabi-Yau supermanifold on constructed U(1) and U(N) gauged linear sigma model mathematically [28, 29] , in super Landau-Ginzburg mirror symmetry.
